) and/or elevated protein (normal range, 0.10 -0.45 mg/dl) and low glucose (normal value, 60% of corresponding blood glucose)] were defined as meningitis. Comparison was made between children with (cases = 17) and without meningitis (controls = 66) from our study children. Data were retrospectively collected from SHEBA, an online database system of the Dhaka Hospital of icddr, b. Results: Death was significantly higher among the cases compared to the controls (29% vs. 3%, p = 0.003). In logistic regression analysis, after adjusting for potential confounders, cases frequently had hypoxemia (95% CI 1.55 -21.93), absent peripheral pulse (95% CI 1.95 -27.13) and neutrophilia (95% CI 1.13 -17.00). Conclusion: Our data suggest that children with meningitis had higher case fatality rate. Simple independent predictors of meningitis such as hypoxemia, absent peripheral pulse, and neutrophilia may help clinicians to initiate early and prompt management in order to curve lifelong sequel due to meningitis and death in such patient population especially those in resource poor settings.
Introduction
Meningitis is one of the most severe infectious diseases in children [1] and accounts for 152,000 deaths each year among the global 7.6 million under-five childhood deaths from meningitis [2] . The clinical presentation of childhood meningitis is variable and can be tricky to diagnose clinically, particularly in young infants who do not consistently display the classic features of the disease [3] .
Two thirds of meningitis deaths in low-income countries occur among children under 15 years of age [4] . Acute meningitis may be caused by bacteria or virus where children with viral meningitis experience of disease severity and ramifications less often compared to bacterial meningitis which usually has a rapid onset, with a progression towards serious neurological sequele and death [5] . Longstanding sequele including sensory deficit like deafness or blindness, and impairment of physical and cognitive development are common in developing coun-
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tries which is mostly due to delay in diagnosis [6] . A high index of suspicion is necessary to facilitate early diagnosis, thereby reducing sequele and adverse outcomes. In many of these settings where there is a lack of adequate diagnostic facilities or services are unaffordable by patient population due to high cost, children for meningitis are treated empirically instead of any definitive diagnoses [7] . There are no published data particularly on the clinical and laboratory predicting features of meningitis in diarrheal children hospitalized in a critical care ward of developing country. In Dhaka Hospital of International Centre for Diarrhoeal Disease Research, Bangladesh (icddr, b), the reporting or hospitalization criteria of children is diarrheal illnesses with or without associated problems or complications. Children presenting with fever and associated seizure are not uncommon. Seizures are common in case of hypernatraemia, hypotaremia, hypoglycemia, high fever, and bacterial or viral illnesses including encephalopathy from Shigella [8] , or Campylobacter [9] or typhoidal [10] and non-typhoidal Salmonella enteritis [11] . Thus, a better understanding of the predictors of meningitis in diarrheal children may help to differentiate with other encephalopthies and reduce sequele and mortality especially in a resource-poor setting like Bangladesh where services in health facilities are inadequate. Moreover, disabled children at community level remain mentally handicapped because of limited options for social welfare and educational activities. On the basis of the above background, we aimed to identify clinical and laboratory predicting factors for meningitis in critically ill diarrheal children and their adverse outcomes which may be useful for improving case management and therefore reducing mortality and long-term sequele.
Methods
Ethical Issues
Our research did not involve any interview of the patient or caregiver, and it was solely a medical record analysis. The data were anonymized before being received by the researchers for analysis.
Study Design
We reviewed the retrospective data of all children aged 1 month to 15 years, from March 2011 to February 2012, who were admitted to the Intensive Care Unit (ICU) with fever and seizure and or altered consciousness, and subsequently undergone a lumber puncture for Cerebrospinal fluid (CSF) study for diagnosis or exclusion of meningitis. Childhood meningitis was defined by presence of abnormal CSF and those who had such CSF after lumbar puncture constituted the Cases, whereas those with normal CSF results and without meningitis were considered to be controls for this case-control analysis. We defined abnormal CSF as, total leukocyte count >10/mm 3 in children or CSF protein >0.45 mg/dl in children and or CSF glucose <2.7 mmol/l or CSF blood sugar ratio <0.6 [12] . Comparison of clinical characteristics and outcome were made between the cases and the controls. Data were retrieved for the study period from SHEBA, an online database system of the Dhaka Hospital of icddr, b as well as from intensive care unit patients' chart.
Study Population and Site
The study has been done in the ICU of the Dhaka Hospital of icddr, b. Every year, the Dhaka Hospital of icddr, b deals with around 140,000 patients (1000 -1200 are hospitalized in ICU), and all of the patients have diarrhea, with or without other complications. The Hospital also conducts research on enteric and other common infectious diseases including respiratory infections, and malnutrition. The vast majority of the patients come from the poor socio-economic background. After arrival at ICU, nurses record the vital signs and anthropometrics, and attending physician records the history and physical signs, suggests investigations and performs lumber puncture that are undertaken as and when indicated (presence of fever and seizure and or altered consciousness). All these activities are supervised by a consultant pediatrician. Clinical management is done according to standard management guidelines of the hospital. These include management of seizure, appropriate antimicrobial therapy, rehydration using oral (for those with some dehydration) or intravenous saline (for those with severe dehydration and also those who are unable to drink due extreme lethargy, unconsciousness, or any other reasons), appropriate feeding, and other supportive management as and when required.
Measurements
Case report forms (CRF) were developed, pretested, and finalized for data acquisition. Characteristics analyzed included demographics (age, and gender), medical history (history of taking antibiotics during current illness, history of febrile convulsion), clinical signs [dehydration, high fever, severe wasting, altered mental status, seizure, neck rigidity, Kernig sign, Brudzinski sign, abnormal deep tendon reflex, abnormal planter response, and pallor]. Diagnosis [severe sepsis, hypoxemia, bacteremia, urinary tract infection, hypernatremia, hyponatremia, leucocytosis, neutrophilia, acute watery diarrhea (AWD), and pneumonia], management during hospitalization (antibiotics, anticonvulsants, blood transfusion, inotropes, intubation and mechanical ventilation), and outcomes were also analyzed. Important definitions that were used 
Statistical Analysis
For this study, we extracted information from patients' chart while additional relevant information from SHEBA of icddr, b. The data were entered into personal computer using SPSS for Windows (version 17.0, SPSS Inc.) and Epi Info (version 6.0; USD, Stone Mountain, GA). Differences in proportion were compared by Fisher's exact test or Chi-Square test as appropriate. In case of normally distributed data, differences in mean were compared by Student's t-test, and in non-normally distributed data, differences in median were compared by Mann-Whitney test. A probability of <0.05 was considered statistically significant. Strength of association was determined by calculating odds ratio (OR) and their 95% confidence intervals (CI). To identify clinical and laboratory predictors of meningitis, different variables were initially analyzed in a univariate model, then significantly associated variables were included in a multivariate model while covariates were adjusted for using logistic regression to identify independent predictors for meningitis.
Results
There were 83 subjects, 17 (20%) cased and 66 controls. Cases had higher fatality rate compared to controls (29% vs. 3%, p = 0.003) ( Table 2 ). The median (IQR) age (months) of the cases and the controls was comparable [7 (2.5, 13.5) vs. 12 (4.9, 27), (p = 0.098)]. The cases more often presented with preceding respiratory symptoms that is cough and/or difficult breathing, pneumonia, leucocytosis or neutophilia, and often required blood transfusion, inotropes, intubation and mechanical ventilation compared to the controls ( Table 2 ). The cases proportionately less often had growth in stool culture compared to the controls but it was statistically insignificant ( Table 2) . Among the 10 stool culture positive controls 6 were Shigella species, 3 Vibrio cholerae & 1 Salmonella. Age, gender, history of taking antibiotics for current illness and history of febrile convulsion, dehydration, high fever, severe wasting, altered mental status or unconsciousness, seizure, neck rigidity, Kernig sign, Brudzinski sign, abnormal deep tendon reflex, abnormal planter response, pallor, bacteremia, urinary tract infection, hypernatremia, and hyponatremia were equally distributed among the cases and the controls ( Table 2) . In logistic regression analysis, after adjusting for potential confounders such as pneumonia, leococytosis, blood transfusion therapy, and inotropes, children with meningitis were more likely to have hypoxemia, severe sepsis and neutrophilia ( Table 3 ).
Discussion
We frequently observed that the children with meningitis according to our study definition had hypoxemia, the clinical syndrome of severe sepsis and increased neutrophil count in peripheral blood compared to those without Leucocytosis Leucocyte count that exceeds the reference range for age [34] Neutrophilia Neutrophil count that exceeds the reference range for age [34] Sepsis Presence of inflammation [abnormal WBC count (>12 × 10 9 /l or, <4 ×10 9 /l or, band and neutrophil ratio ≥ 0.1) plus presence or presumed presence of infection with thermo-instability (hypo ≤ 35.0˚C) or hyperthermia (≥38.5˚C)], tachycardia (>2 SD above the normal value for age) in the absence of clinical dehydration or after correction of dehydration [22, 35] .
Severe sepsis Sepsis plus signs of poor peripheral perfusions (absent peripheral pulses or capillary refilling time ≥ 2 s or hypotension) [22, 35] 
Pneumonia
Defined by WHO guideline of acute respiratory tract infection [26] or presence of lobar or patchy consolidation Urinary tract infection If the culture shows >100,000 colonies of a single pathogen, the child is considered to have UTI [34] meningitis. As hypoxemia is frequently present in ICU children with pneumonia [13, 14] , our frequent observation of pneumonia in children with meningitis compared to those without meningitis might have an impact on the higher frequency of hypoxemia in children with meningitis. In childhood pneumonia, hypoxemia may occur as a consequence of impairment of alveolar-arterial oxygen diffusion and concomitant increase in the partial pressure of carbon-dioxide (CO 2 ) due to abnormally lower alveolar ventilation [15] . Findings from the earlier study also support our observation [14] . The frequent observation of severe sepsis in childhood meningitis in our study population is understandable. Severe sepsis is often associated with vasodilatation and capillary leakage, as a result of amplified cytokines or other inflammatory stimuli [16] and leads to disordered microcirculation. This phenomenon is common but may cause life threatening ramifications due to meningitis [17] . Our observed neutrophilia in peripheral blood is common and might be due to severe infection in this population which has also been observed previously [18, 19] . We observed high case fatality rate among children with meningitis, which has been reported in a number of earlier studies [20, 21] . A significantly higher proportion of children with meningitis had severe sepsis and hypoxaemia in our study population, and these two conditions are often associated with fatal outcome [22] [23] [24] , thus, the higher case fatality among our study children with meningitis is understandable.
Our frequent observations of supports like blood transfusion, mechanical ventilation and inotropes in univariate analysis are also understandable. In our study population, significantly higher proportion of children with meningitis had circulatory failure leading to severe sepsis which required blood transfusion and/or inotropes to restore the circulation according to our treatment guideline of the Dhaka Hospital of icddr, b which is based on Surviving Sepsis Guideline [25] and pocket book of WHO [26] . Moreover, significantly higher proportion of study children with meningitis had pneumonia and hypoxemia in addition to severe sepsis which might have an impact on the development of respiratory failure and need for mechanical ventilation. These might explain our observation in our study population.
We also observed the association of preceding respiratory symptoms that is cough and or difficult breathing, and pneumonia with meningitis in our univariate analysis which has previously been reported [27] .
Although, altered consciousness, neck stiffness or other signs of meningisms (Kernig sign, Brudzinski sign) have been reported as independent predictors of meningitis in earlier studies [1, 3, 28] , the failure to observe any association of these valuable parameters with meningitis in our study might be due to the fact that the median age of the children in both the groups were below 12 months, and in this age group the typical signs of meningitis like neck stiffness or other signs of meningism (Kernig sign, and Brudzinski sign) are frequently absent which was also revealed by earlier studies [3, 29] . The failure to achieve the statistical difference among the groups might also be due to small sample size that was not sufficient to detect difference at statistically significant level. The observation of comparable distribution of diarrheal and non-diarrheal illnesses among the children with and without meningitis underscores the importance of lack of any additional impact of diarrhea in childhood meningitis.
We did not find bacterial pathogens in CSF culture in the cases. This might be due to antibiotic pretreatment or non bacterial pathogens. We observed that 59% of children with meningitis received antibiotics before hospitalization. A recent study has described that those who had received any antibiotic before blood or CSF specimens were obtained for culture had lower rates of corresponding positive culture results than those who had not received any antibiotic treatment [30] . Failure to detect bacterial pathogens in CSF culture might also be due to poor bacterial detection rate by culture or because of viral meningitis. However, we did not attempt for the viral isolation from blood in our study population. Another study has shown that PCR based diagnosis of bacterial meningitis prevalence were six or more fold higher and latex agglutination based estimates were four fold excess than estimates derived from culture results [31] . However, our laboratory back-up did not have the opportunity for PCR or latex agglutination.
The study had several limitations; first of all, this is solely a retrospective medical record analysis and had small sample size which resulted in reduced power in detecting difference between parameters of cases and controls at significant levels. Moreover, failure to identi- 
Conclusion
In conclusion, childhood meningitis is associated with higher case fatality rates. Under-fifteen febrile children with seizure and/or abnormal mentation presenting with hypoxemia, severe sepsis or increased neutrophil count in peripheral blood are more likely to suffer from meningitis. These simple parameters could be used to predict meningitis in such children for prompting case management, especially in resource-poor settings. However a further research with a large sample size in several geographical settings with different cultural background is warranted to consolidate our observations.
